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the certified copy of the priority document, Indian Application 
No. 1148/MUM/2003 , submitted to the U.S. Patent Office on July 
14, 2004 in connection with the above-identified application. 

On October 20, 2005, Ms. Rosa Thomas of the U.S. Patent and 
Trademark Office telephoned the undersigned attorney's office to 
request that a copy of the priority application be forwarded to 
her by facsimile. On October 21, 2 005, Ms. Gerspacher telephoned 
Ms. Thomas who indicated that she would hold the application from 
being processed until she received the copy of the priority 
document. On October 31, Ms. Gerspacher forwarded to Ms. Thomas 
by facsimile a copy of the certified copy of the priority 
document submitted to the U.S. Patent Office on July 14, 2004 
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FORM 1 

THE PATENTS ACT, 1970 
(39ofl970) 
APPLICATION FOR GRANT OF A PATENT 
(See sections 5(2), 7, 54 and 135 and rule 33 A) 

We, EMCLRE PHARMACEUTICALS LIMITED, an LndianCompany 
formed and registered under the Companies Act. 1956 and having its 
registered Office at EMCURE HOUSE, T-134, MI DC, BhosarLPune, 
Maharashtra, India, 
hereby declare - 

(a) thai we are in possession of an invention tilled; "AN IMPROVED 
AND SIMPLE PROCESS FOR PRODUCING ATENOLOL OF 
HIGH OPTICAL PURITY" 

(h) that the Complete specification relating to this invention is Hied with 
this application. 

(c) that there is no lawful ground of objection to the grant of a patent to l " 
me/us. 

Further declare that the Lnvsnsor(s) fur the said invention is / are: 

(1) SATIS H RAMANLAL MEHTA, 

(2) EABURAO fvlANIKRAO BHAWAL, 

(3) VISHNU HAR1 BESHPANDE, and 

(4) MUKUND KESHAV GTJRJAR. 

All the above inventors are Indian citizens, of EMCURE HOUSE, 
T-IS4. MTDC, Bhosari.Pune, Maharashtra, India, 

We, claim the priority from the application^ ) filed in convention countries, 
particulars of which are as follows: NIL. 

We, state that the said invention is an improvement in or modification of the 
invention, the particulars of which are as follows and of which We are the 
applicant/patentee: NA 

We, state thai the application is divided out of my/our application, the 
particulars or' which are given below : NA 

and pray that this application be deemed to have been filed under Section 16 
of the Patent Act: 

' r -V.J Vv>:r. Us:; " 1 ; .. d f- 1 # ."'£SCr.*L.ti\ ; ..;{ .he r rue and : : "> { '..vr'.-\:s. 



That our address tor service in India is as follows: 

K & S PARTNERS 

Intellectual Property Attorneys 
34-C, C-6 Lane, Off General Avenue 
S-iirvk Farms. New Delhi-i 10 062. India 
Telephone: 26S6 5955/2653 3187/2653 3182 
Fax : 2653 3SS9. 2651 

Folio* ing declaration was given by "he invenicii's) or appiicarius) in "he 
convention country: 

We the sw and first inventors for uus invention or die applicant's) in the 
convention country declare that :he applicants) herein are our assignee or 
legal representative. 

SATIS K TLAMAN1- AL MEHTA 

BAB UTLA.O MA.NIKRAO BHA.WAL 

ViSHNU HA?J DESHPATiDE — 

MUKUND KESHAV GXJRIAR 

That to the best of our knowledge, information and belief the fact and matters 
stated herein are correct and that there is no lawful ground of objection to me 
grant of patent to us on this application. 

Following are the attachment with the application: 

i» Complete specification, claims and abstract (3 copies) 

(b) Form 3 

(c) Form 5 

(d) Power of authority (will follow) 

(e) Glacial Fee or Rs. 3000/- 

Vve request thai a patent may be granted to me/us for the said invention. 

Dated '.his 2S :h day of October 2003. f^U^ 

B.AJEorlV/.-\KlK 
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FORM 2 



THE PATENTS ACT, 1970 
(39 of 1970) 

COMPLETE SPECIFICATION 
(See section 10} 



"AN IMPROVED AND SIMPLE PROCESS FOR 
PRODUCING ATENOLOL OF HIGH OPTICAL 

PURITY" 



EMCURE PHARMACEUTICALS LIMITED, an IndianCorr.pany 
formed and registered under the Companies Act, 1956 and having its 
registered Office at EMCURE HOUSE, T-1S4. MIDC, Bhosari.Pune, 
M a h a r as h t ra , I n dia, 



The foUowir.g specification (particularly} describes the nature of the invention una the 
manner in which it is to be perfbrnved. 



Tirle: An improved and sunple process for producing atenolol of high npUeal 
piniry 



TECHNICAL Fl ELD 

This invention relates to an in -proved process for producing optically active (S) -atenolol 
uf formula (1) In high optical purity. 



PRIOR ART 

The compound fR.S) -atenolol (4-[2-hydroxy-3-[( l-methyleihyi}amijjojpropox> j- 
ber^oaeaeeiaiivirie" is usefui as a p-adrsnedc blocker tor the treatment of angi:^ 
peecons, arrhyrhnua and hypertension, it is known thai atenolol is a i-aryloxy-5- 
aminopropanc-2 -oi den van ve wherein the hydroxy bearing carbon is an asymmetric 
carbon and hence exists as R- and S-isomers. It is also known ihai the S- isomer :s 
particularly useful as a p~-acrenegic blocker in view of its superior pharmacological 
activities. It is reported that S -atenolol has hypotensive activity and activity on 
bnichycardia (A. A. Pearson, T.E. Gafihey, T. Walle, P.J. Privitera; /. Pharmacol. Exp. 
Ther., 250(3), 759, 1989). 

In prior art, the optical resolution of racemic atenolol has been studied to obtain the 
desired optically active atenolol, however, any practical method has not been reported so 
far. It is also reported that -he diasterconaers of atenolol having high purity is obtained 
from race n lie mixture by using (Tl t R)-0.0-di-tciuoyltanaric acid anhydride {>1.j. Wilson 
ti ah, ./ Chroma>o*>\ (NLD) 431 (I), 222-227, 1982). However, this method is not 
sahuba: for larye >eaL- po"u::uc:ioa of optically active atenolol as it requires a i?;ac 




H 



OH 



H 2 N. 



1 



volume of solvent unci further ir L> technically very troublesome to recycle (R.R)-O.C-Ji- 
toluoyltartaric acid anhydride. 

Another method of preparing optically active atenolol has been proposed in JP-A-50- 
77331 and DE-A-2453324: 




Wherein Z is halogen atom or suiphonyloxy ^roup. and * means asymmetric carbon. 

However, this process has some di sad vantages as this process requires several sieps ibr 
obtaining cptically active S-arenoloi stating from D-manitol; moreover the yield of S- 
atenoioi by this process is less than 50% and the optical purity is just about 80% ec. 

Another method for the preparation of S-atenolo! has been reported in US-5223646 
which consists of reacting sodium sal: of 4-oarbajnoylmethyIphenoi with R 
epicnlorohydrin at 0° to 35 °C to obtain an intermediate -an optically active give idyl 
ether and ihen reacting the optically active intermediate glycidyi ether w-th 
iscpropyJamine to obtain S-atenoIoi (see also EP - 43 506$ A 2; HI' - ..*? 
03077356 A2). Ii has also been reported thai the above procedure gives optically active 
■jyy:lcy\ ether and atenolol of cc optica! p'.iriiy. According -o :his : aa<-ra t"a 

optica! pan y af a:cao.o; n iv an ..r.o;-d to V'^'c ; , ; r :a if" -ho : a terrace! a: -- ; ..a." : • 



motive ghcidyi oilier is repeatedly recrystaiiised from a suitable solvent. I: has also been 
reported thai rhe optically active atenolol in an optical parity of 98% or higher can be 
produced from atenolol of lower optica! purity by converting it to its salt with Brcnsied's 
v:id (K.Kazuhiro: T. Yesikazu; F. Yoshiro; Y. Hiroshi; O. Junzo, Chem. Phann. Bui!., 
46(3), 505-507, 1998). 

The separation .T ihe atenolol salt having higher optica! purity (- : -)S% ee) is carried cut 
by jissoiving rhe atenolol salt having lower optical purity in a solvent precipitating solid 
materials having a high cement of race mi c atenolol sah. and in en Uohcing the desired 
?.:cr.^!o! sail ha ■nL' higher optical purity !>v:>% ee; by solid-hcu:d separation r.oethoc.. 
ih:; opticaiiy arvvv sah hi-.vi:^ hivji optica! purity* is ihen subjected to removal ?-f a.id 
ir.ciety to isolate the desired optically active atenolol in free form. Though ibis process 
vieids atenolol cf higher optical purity, ic involves salt formation and tedious separation 
of racemic sal: from an optically active sa'L which leads to the lower yields of desired 
optically .ictive atenolol. Further, the salt has to be converted to tree atenolol either by 
neutralisation or using ion exchange resins. Thus, this process gives lower over?!l'yie;d 
of :he desired cpac-hy rsiive atenolol is low. 

There is therefore a need to provide a process whereby S -atenolol may be obtained in 
high y'eld and high optica! purity. 

OBJECTS OF THE iNVF. ITHON 

The main objective of the present invention is to provide an improved process for the 
preparation of optically active atenolol in high optical purity and good yield.. 

Another objective of this invention is to provide simple process for optically active 
atenolol nevoid of tedious recrysiallizaiion step or salt formation and salt separation 
steps. 

DETAILED DF.iCRJPTIO^ OF THE INVENTION: 

Accor:tir:gi>a the present invention provides n process rbr the preparation of (S)- atenolol 
H'h 'v : con \pro Ae step- of: 



H 2 N 




.OH 



with an fRJ-epichlorohydrin of formula (3) : 



o 2 i 



H 



CI 



in presence of an alkali metal hydroxide sad a iiuaiernary ammonium salt as phase 
transfer catalyst (PTC) in an aqueous solution at a temperature in a range of -• 0 5 O to 0 s 
C (o obtain optically active intermediate glycidyi ether of formula 4: 



C 




5<S 



H 2 N 



b) reacting the optically active intermediate glycidyl ether (4) with i so propyl amine at 10° 
to 40° C to obtain (S)-ateiiolol of the formula 1: 




in good chend ja! yield ar.d high opucai purhy (>y9 eeV 



One major advantage of this process is that S -atenolol may be obtained rf;reeth without 
going i'.u-oui:.;-. cho cumbersome Si-:p or recrystaiiizaiion or addluonai salt formation step, 
as in i ho prior an. 

The aqueous alkali metal hydroxide used in the process is selected from sodium 
hydroxide or potassium hydroxide and is used as aqueous solution in ! to 1.5 moles to ! 
mole of -he crenel 2. The (R j-cpichiorohydrir. (3) used in ihe process is preferably of 
high optical r -rhy and uvea i» an amount of 1 to 5 moles, more preferably 1 to 1.6 moles, 
•o I mols of pr-enoi (2). 

T.-e qiiirenur 1 ammonium = yU has the formula : 

R S R 2 T< 3 R J .VX- 

■•Vherein R\ ;C, R J and R- are same or different, each an alky! group havh» i :o -5 
carbon atom* 'e.g. rneihyi, fanyL propyl butyl ere), phenyl or benzyl. X is chlorine, 
orombe, iodine, hydrogen sulphate <>r hydroxy) group. The amount cf qua terrain/ 
air.nionium sal: used is 0.00! to 2% by weight of phenol (2). 

The Applicant -studied ihe reaction temperature expensively and found that ii plays an 
important roie in deciding optical purity of (S)-atenoIoi (i) formed via optically active 
glycidyl emer. When the reaction of phenol (2) and (R )-opich!oroIiydrin is canned out at 
5' C or at an> other higher temperature, I'SVacenolol (1) of a lower optica) purity was 
obtained w« optically active glycidyl ether, as for example in E? 435063. 

The Applicant, after studying the prior art processes found thai during the course of these 
reactions, die phenoxide (or phenol) attacks the C--1 carbon atom of (R)-epichlorohydrin 
with the expulsion of chloride to yield (R)-giycidyl ether, which on reaction with 
isopropyi aminv gives (R)-aieivoioi. The original epoxide ring remains unchanged in ihe 
reaction. 



H„N (R)-Epich!orohycirin (R)-Giycidyi eth«r 

! 

(R) -Atenolol 

Thus, the reaction of phenol il) at carbon centre C-l of (R^pichlorchyaTin by 
n.ucieoptulic displace:" em of chlorine -cads to the forrr-ation ofr.n desired l'R)-a: -;=oi: :! r\v 
optical iy acii-.-s / rO-glycidy? cdwr as a side product, v hich account tor th-2 yi .-Id of 
.opticaiiy active S-r.rer-oioi in rrir: prior art. 

The A;. : p!icu:u then conducted thus rcacdon at a lower tempera 'lire and found u- thoir 
surprise thac S-aienolo! could be obtained in high yield. The reason is thai Jvr-ng the 
course of reaction, the phenoxide (or phenol) ion anocks -he C-3 carbon afore of (R)- 
cspiehioir^hydrin and opea.^ :he epoxide nni The r,ew epoxide ring forrnaiien :okea si. ice 
by j.he at r -.ek of O" on C-5 carbon \viih expohion of chloride \o give (S)-Hiycidyl eihrr. 
which or. reaction whh isopropyj amine gives (S)-LKenoJoI. Thus, die reaction of phenol 
(2) a i carbon centre C-3 of (R)-epichlorohydrin leads to the formation desired ($)- 
atenolol (1) as a major product v/a optically active glycidyi ether (4). 





H 

(R)-=pich!orohytirin (S)-Glycidyl ether 

i ■ 

iS)-Ateno!oi 



The lov er op^oai purity in ('S)-ater.oio! ionnadon in d:c prior an may therefore he on 



of (?f)-epichlcrohydrin (3). Both these reactions occurring on different atoms are 
shown as path 'a 1 and path % b' in the following scheme herebelow. 



path "a" is she process of ihe present invention whereas path ; b' is the process of the 
nrior an. 



•4^ 



n 



X -O 



X 



Pain 'a* 



OH H 

(P.J-Atsrsofol 



H CH H 



(3)-Ateno!o! (1) 
i 



iscprcpy! amine 



H a N 



H n 



(S)-eiycidyi ether (4) 



To farther ascenain this hypothesis, and confirm tiie finding, -he reaction of 
epiehlcrohydrin with pheuoxide was carried out at various tempera Pares and die optical 
oumy or" the atenolol wan detennineU In order to land the effect of temperature on optical 
purity :^ee. Table below;. 



Tabic : The effect of :ennx:raiuve on optical parity of (S)-aienolol 0) obtain:,! 



; Sr. No. j Reaction temperature for 



Optical purity of (S)-atenoloI (X? 





glycidyl eiher (4) formation 3 


formed from ether (4) 


I. 




90 - 93 % ee 




0° C to 3" C 


96 - 97% ee j 


- 


•3-Cto -i»c 

» 

! 


>93% ee 


1 


.7° C 10 -4° C 


>99% ee 



j Ail reactions v. ere carried out at specified temperature for 50-60 hrs. 

" (S)-a-*«oiaI is obtained g-y;n optica! active glycidyl ether by the re-action of i so propyl 



amine. 



As can be seen from the above table, when me reaction proceeds at 5 "C, ihe yidu of 3- 
atenoiol is about 90-93% ee whereas, as the temperature is decreased, the yield increases. 
The 3-ateno!oi is obtained in yield of more than 99% ee when the reaction is effected at - 
7 to -i°C. 

It is to be noted that lowering the temperature and obtaining a choral compound in high 
optica] purity is not a matter of routine optimization by a skilled person. This was a 
surprising finding that the Applicant found during their routine studies. Only alter a 
detailed investigation, and after much trial and error, and performing several experiments, 
the Applicant arrived at the conclusion that lowering die temperature would yield a cfaira! 
compound in high optical puriry. 

Accordingly, the reaction of present invention Is carried on: in the temperature rmse of - 
1G J C co ; -.v C. preferably -7°C to 0° C. A substantial improvement in the optical :vjrity 
o; intermediate glycidyl eiher as well as iS.j-a-tenoloI (I) obtained -rem mis oplicaily 
.kmvo in;e-m -iiate glycidyl e-her observ ed when me glycidyl cv :r :hrm.:hv; 



-her with isopropyl amine, which produced directly (S)-ater.oio! i!) of h\%h optical 
r;riiy <99% ec), which could be isolated after removal or" excess isopropyi amine 
:':i:ov.'ed by simple work up procedure. 

7; an embodiment, a side reaction product, optically active chloroliydrin of formula 5 . 

O 

!i 

H..N 

• formed in a varying amounts. However, this optically acih. e chlorohydrine id) may 
r-.'so be convened into the desired (S)-arenoiol (1) by reacting It with isopropylanrine, and 
hr-ee, [he contamination Thereof do-? 5 not affect the optical purity of uiharencio! 0) in 
; • present invention. 

". -~ rc-^'ior. of phenol U.i a : vti (R)-cpichlorohydrin is carried o:: at -T C to 0° C o 
.■ 55 vs. With the progieid of the reaction, -he optically active give idyl ether h 
rr-rcipitated: the precipitated solid can be isolated from the reactio;i mix aire by a 
o':;wenhonai method such as nitration to obtain optically active- glycidyl ether (4) as a 
so id. 

7 to optically active glycidyl ether (4) obtained by above process n:ay be used in the 
s*-r.sequent reaction with isopropylamine to give (S)-atenolol (I) by known method. 
Thus, Hie optically active glycidyl ether (4) (1 mole) is reacted with excess of 
is-ipropylamine (5 id 20 moie) in a solvent such as water or a lower aieohoi, such as 
methanol, ethane!, isonropanol etc. or a mixture of vvarer and an alcohol with stirring at 
S :o 30" C for 6 to 24 hrs. The solvent used Is i to 20 pans by weight to 1 part by weight 
of the cpiicaliy active glycidyl ether (4). 

lr .Tiler to prevent [he reaction of produced atenolol with the cptk::;i;y aciwe- aiycidvi 
j-:-rr(--} i: is preferable to -dd the optically active giyvidy! emer .4) to is.;propy! amino in 
: '"or t. 1 !:c removal of .t. ve. -i I* propyl amine by diili;:.:. : -;r- yv. .v •>:■. ;v.u \e\o !;/ 
■•• - : .*.f'- ".:>:.■■. d(sd : .;_- e: :s ear: *w cn a: .-mo::: p:v,; .■, mida' s:-.::-:-., 



t i 



r 

j 

' and under reduced pressure at later stages, keeping the reaction mass temperature below 
60° to 70° C. through out the distillation process. The crude residue may be purified, if 
required, by dissolving it in IN HCL treating this solution with activated charcoal, 
filtering the charcoal followefl by treatment of alkali to precipitate the product. Thus, the 
solid product was isolated by conventional method such as filtration to get (S)-atenolol 
(1) of optical purity of 98% ee and above. If, necessary, the optically active tS)-aieno!oi 
(1) may be crystallised from an appropriate solvent such as water, alcohol?, such as 
methanol, ethanol, isopropyi alcohol, butanol etc., ethers, such as diethyl ether, mi-thyi ?- 
bury! ether, diisopropy] ether or ketones, such a.- acerone, ethyl methyl ketone, n-u-.yi 
Lsoutuyl ketone etc. 

The process of the present invention is described herein below with reference to 
examples, which are illustrative only and should not be construed to limit the scope of the 
present invention in any manner. 

The optical purity (enantiomeric excess, ee) is determined by Chiral ilPLC using 
Chirac el - OD co'.uTLii. 

Example I 

A mixture of (R)-epicMorohydrin l[aJ D 25 : -35.1 (r»eat),138.75 g f 1.5 mole) and water fS2 
mi) was cooled to -7 °C and to tliis cold reaction mixture is added a solution of 4- 
hydroxyphenyi acetamide of formula 1 (151.00 g, 1 mote) and 
benzylirirnethyianiiiiortiurn chloride (i.3 g) in sodium hydroxide [40 g, 1 mole; dissolved 
in water (670 mi)] with stirring over a period of 3 hrs. maintaining the temperature at -7 
°C to -5 °C. The reaction mixture is then stirred further at ~ 7 °C to -5 °C lor 50 hrs. The 
precipitated solid is filtered, washed with waier and dried at 60 °C to give 176 : z of a 
niixrure of S-glycidyl eihsr of formula 4 and S-ehlcrohydrin of formula 5 in about 5:2 
ratio, m.p. 1 59- 1 6 1 "C. 

Example 2 

A mixture of isoproo;. lamine (T.I ka ) and water (200 mi) : -s cooled to 10 r 'C and a 
mixiv--': c:J> 1 rr.hcr o." f: rmula -:- a: id S-Tnorohyc in of .ornv.ia 5 -w v. :.' 

T.\:h;. ! ■ i 7o a j ae..*: ;o i; :n 1 :>• s ra imU'ir:::!*; • pvi a :.:r.-r ; ;v. ee;: I > ;e 1 ~" T" 



t v.'rf a period of 3 hrs. *lhs reaction is then stirred further for rmothcr !0 hr. The excess of 
jsopropyhniine is removed by distillation and the residue vv?.s treated with the water. The 
slurry so ebiaineu is acidified whh 5N HC1 to pH 2.0. The resulting solution is then 
filtered, washed with water. The filtrate is Gasified with 2M NaOH to pH 11.7 and 
precipitated solid is filtered washed with water and dried to t^et (S)-aicnolol (206 g, 91%) 
a 99.1% ee when analysed by using Chiracei OD column. 
:• p. !a2-153 -C. 

■ : -17.2 (c - 1.0. !N HC1). 
• v r ,, v 3552, 3168, 1635. 1 242 cm' 1 . 
■■i >:>TR fD/.'SO-d^); 6 0.9v fd s J~ 7 Hz, t>K, 2 x CHO. 2.60 ;.m. :H. CH} 7 2.74 fm : 2K, 
:*H 2 ), 3.27 {5. 2H, CH:>, 3. S3 ( rn. 4H, CH 2l CH, NH), 6. S3 (J, J - S Hz.. 2H, Ar-H). 744 
■ j « & Hz, 2H, Ar-H), 7.40 (bs, iH). !3 C NMB (DMSO-d A > : 22.01, 22.09, 41.26, 
-■i. 39. 49.3?. 67.73. 70.53, 114.16, 125.41, 129.93. 157.17, I 72 .59 ppm. 

Example 3 

A mivrure of «R)-epichioroh> Jrm (145.00 g. 1.6 mole} and -vcuer (90 mi") is cooled to 0 
A and to this eoid reaction mixture is added £ solution of 4-hydroxyphenyl aceiamidc of 
;:nr.uia 1 {151.00 g. 1 mole) and benzyltriincthyl-amniomurrs chloride (1.3 g) in sodium 
hydroxide [40 g, 1 mole; dissolved in water (670 ml)] with sirring over a period of 4 hrs. 
maimairiing the temperature at 0 °C to 3 °C. The reaction mixture is then stirred fuilher at 
0 'C to 3 * J C for 45 hrs. The precipitated solid was filtered, washed with water and dried 
A =dve 185 g of a mixture of S-glycidyl ether of formula 4 and S-ck!orohydrin of formula 
5 h: about 7:3 ratio, m.p. 1 53- i 54 °C. 

Example 4 

A mixture of isopropyj amine {1.2 kg ) and water (200 ml) is cooled to 10 "C and a 
r.:.:-.ture of S-v.lycidyl ether of formula 4 and S-chlorohydrin of formula 5 obtained in 
rx ample 3 (1 35 g) is added to it in lots niaintdining temperature borween 10 to 15 'C 
•A er a period of 3 hrs. The reaction is men stirred runner for another 10 hr. The excess of 
:5 -propylamine is removed by dis-iilanon and the residue v.?-.-: created with thtv v-Ater. The 
.'A aaaac is acidinA v b.h 5M KG to pH 1.5 a rsuhin* aaj a is -;n 

.*. , ■ : a -V "Ai v.a.er. The :".]«.. te i j K^i:h;d .. . " a' , d a • .. a. A 



precipitated solid is filtered washed with writer and dried to gel (S)-atenoiol (2 i 5 v. 
in 96.8% oe when analysed by using Chi race! OD column. 



m.p. 151-152 °C. 

|a|,y 5 : -16.1 (c - 1.0, IN HCI). 



Example 5 



A mixture of (R)-epichlorohydrin (I i LOO g, 1.2 mole) and water (70 ml) is cooled to 0 
X and to this cold reaction mixture is added a solution of 4-hydroxyphenyi ace;a:nide oi 
formula 1 (151.00 i mole) -cod benzyltrieihylanunonium chloride (1.5 in ?oeiuvn 
hydroxide [40 g, 1 moie; diescLcd in water (700 ml)] with stirring over a peviou of 6 hrs. 
maintaining -he temperature a- 0 °C to 3 °C. The reaction mixture is then stirred A:r:her at 
U °C to 3 °C for 42 hrs. The precipitated solid is filtered, washed w>.h water and dried to 
oh/e 149.2 a of a mixture of S-giycidyl ether of formula 4 and S-ch'.orohydrin of formula 
5 in about 7:3 ratio, m.p. 161-162 '"C. 

Example 6 

A mixture of isopropySamine (350 g) and water (300 ml) is cooled to ! 0 °C and a mixture 
of S-sdyciJv! ether of formula 4 and S-chiorohydrin of formula 5 obtained in Example 5 
(149.2 g) is added io it in lots maintaining temperature between 10 to 15 "C over a period 
of 3 hrs. The reaction is then stirred further for another 12 hi. The excess or 
i ^propylamine is removed by distillation and the residue was treated with the water. The 
slurry so obtained is acidified with 5N HCI to pH 1.5. The resulting solution is then 
filtered, washed with water. The filtrate is basified with 2N NaOH io pH. 12.0 and 
precipitated solid is filtered washed with water and dried to get (S)-atenolol i I 54.5 g, 
30%) in 96.1% ee when analysed by using Chirace! OD column. 

m.p. 152-153 °C. 

[a! Ll 2i :-l5.9 (c = 1.0, LN HCI). 

Example 7 

.... nuxn:re offRVopich: -ov-drin (120.25 S . L3 mole) and water <S0 mi) is cow. i -7 
\: -A :■> rrJs cold -c- rruxrure is added a -o'w.'do': : *-h\ :ir -.\ypr.?:.y! ae^nnce . ; 
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ibrinuki ; . 1 51.00 g, i mole:) and ieirabutylannr.oniurn bromide (i.O $) in sodium 
h>droxids >- '• g. : mole; dissolved in water (670 ml)] wish stirring over a period of 3 hrs. 
maintaining the temperature at -7 °C to -5 °C. The reaction mixture is then stirred further 
at -7 Vj to -o C for 50 hrs. The precipitated solid was filtered, washed with water and 
dried at 6u 'C to give 16S g of a mixture of S-glycidyl erher of formula 4 and S- 
chlorohydrin m formula 5 in about 5:3 ratio, m.p. i 57- i 59 5 C. 

Example 8 

A mixture :•: isopropylamine (1.0 kg ) and water (200 mi) is cooled ro !0 X and a 
mixture ot 1- ■o::.;r:idy] eiher of formula 4 and S-emororwdrm of lorrrwia 5 oatamed in 
example 7 j) is added to it in iocs maintaining temn era rare bciw een 10 id 15 '"C 

ov-r a period of 3 hrs. The reaction is then stirred further for another ) 0 hr. The excess of 
iioprop}*lan:i.r.e is removed by distillation and the residue was ireated with the water. The 
slurry so o-:;rL>ed is acidified with 5N HCI to pH 2.0. The ^suiting solution is then 
iikered. weired wkh water. The nitrate is basifled wivn 2N NaOH to pH 11.7 and 
precipitated v A\c is filtered washed with water and dried ro get ^-atenolol (IS-- S£. S5%) 
in 99.0% ee -hen analysed by using Chiracel OD column. 

m.p. 152-155 C. 

la| D 25 : -i/T ic = i.O, iNHCt). 

^sample 9 

A mixture of i f"R)-epichlorohyUrin (138.75 g, 1.5 mole) and water (90 mi) is cooled to 5 
U C and to this cold reaction mixture is added 3 solution of 4~hydroxyphznyl acecamidc of 
formula I (151.00 g ? 1 mole) and cetylrrimethyiamnionium chloride (1.4 g) in sodium 
hydroxide [40 g s I mole; dissolved in water (700 mi)] with stirring over a period of 6 hrs. 
maintaining :he temperature at 4 °C to 5 °C. The reaction mixture is then stirred mnh:;r at 
4 V C io 5 U C *or 40 hrs. The precipitated solid was filtered, washed with water and dried 
at 60 °C to give 180 g of a mixture of S-giycidy! ether of formula 4 and S-cmorohydrm of 
fonnula 5 4:] -alio. m.p. 162-163 °C. 



Example 10 



. , im „,ft U cooW to 10 'C =,.<) . 

of S-^cdV, «h=: — ^ ^ „ to . , «- 

Example , U» S ) - ~* » • » ° ^ !o , ^ , * T*e — 

ov „ . ^ of 3 Th« r««,oo ^ ^ ,,Uh «• -e,-. , » 

^^is^^^-^t pH , s . Ti „ .*«. * 

^.s.^-"- ^ , I0DMtaB „. 



Example ^ 



.. , i ., 1 „ lie : t ,--!«* S! *. ii -° 

, 5 ,„^--=»» c! liniW „= *m» « - * »> 

I 0»» * M ""*> n — f S 40 m »! - 

■» « «••-•<• ra ,« « ... -c » . - — 

filKred , ^ v,«, «- «* -*d ' -J ■ - m p . 157 . V59 °C. 

i , ltero£foralu U,4a lrf S.=h,o ro bv^o:fomH l . J ,. 



Example 12 



. . >r fooo ltl l) is cooled to 10 °C and * . 

. M ri<,i of 5 to. Vf, -,:,o„ » U, ; , ,„_. .. v;l!i , r ,, 

.... uit^v: 



. , ,„ .«. a ;«wlol (140 g, 
. |H f-l-red wuhed water and dr.ea to * U 
orecipita«d solid i* , 

m.o. 152-153 X. 

r ak -:-!6.7 (c - 1 -0. ^ HC1). 



{ An improved for the preparation of (S)- atenolol (I), comprising the sieps of: 
a) reading a phenol of formula 2: 

OH 



H,N 




with :-m (R;-vjpi.:hlorohycirin of fonviuia (3) : 



n 



: CI 



in pr-serxe of an alkali rvietai hydroxide and a quaternary ammonium salt as "has. 
transfer o^ahsi in un aqueous solution at a tempera.Mre of -10° C to 0" C =o obtai 
optically active intermediate giyeidyi ether of formula 4: 




b) reacting the optically active intermediate glycidyl ether (4) with isopropyianiine ai 10 
to 40" C to obtain (S)-attrnolol of formula 1 : 




In high opcica! purity cf>99 ee. 

2. A process as ciaimed in claim 1 wherein the alkali metal hydroxide is selected from 
sodium hydroxide or potassium hydroxide. 

3. A process as claimed in claim 1 wherein the amount of alkali metal hydroxide is ! to 
1.5 moles to i mole of the phenol (2). 

4. A process as claimed in claim 1 -../herein the amount of i R}-:-pichlorohydrin is i :o .1 
moies to 1 mole of the phenol (2). 

A prccess as churned in claim : v.-her; m the eusnemarv r.mnv:uh-.;rj sah ha< ;hc 
ibu-ula R ! 'R : K 3 iV>r .X- 

Wherem R', R". R J and R 4 are same or different and are aikyi groups having I to 16 
carbon atoms selected from medayh ethyl, propyl butyl, phenyl or benzyl, X is a 
-roup sriected from chJorine, bromine, iodine, hydrogen sulphate or hydroxy! group. 

6. A croeess as claimed in claim : v.-here-n the amount of quaternary ammonium snH is 
0 .or; f 0 2% by weigh: of phenol (2). 

7. A process as claimed in claim 1 further comprising formation of ehlorohydrine (5) as 
side product. 

8. A process as claimed in chum I further comprising reacting ehlorohydrine (5) with 
isolpropyiamine at iO to 40°C to obtain S -atenolol. 

9. A process for die preparation of (S)- atenolol (1) substantially as heremdescribed and 
illustrated. 



Dated -his 23 !h day of October, 2003. 

Of :< J; S Pitrtn-:^ 
•V. tonic;. - :V>: .ov ".j-.r. ; 



ABSTRACT 

The preset invention relates w> an improved process for producing optically adi\e (S>- 
atenolol of formula (!) in high optica! purity by reacting a phenol with :>n 
cpichlorohyurin. 
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